The treatment of healthy donors with granulocyte colony-stimulating factor (G-CSF) and dexamethasone results in sufficient numbers of circulating granulocytes to prepare granulocyte concentrates for clinical purposes. Granulocytes obtained in this way demonstrate relatively normal functional behavior combined with a prolonged life span. To study the influence of mobilizing agents on granulocytes, we used oligonucleotide microarrays to identify genes that are differentially expressed in mobilized granulocytes compared with control granulocytes. More 
Introduction
Granulocyte concentrates constitute a promising adjuvant tool in the treatment of neutropenic and immunocompromised patients experiencing life-threatening infections in which the exclusive use of modern antimicrobial drugs and additional growth factors is ineffective. [1] [2] [3] Donor stimulation with a combination of granulocyte colony-stimulating factor (G-CSF) and dexamethasone has become the standard procedure to increase the number of neutrophils in the circulation of the donors and, thus, to collect a sufficient amount of cells for the preparation of granulocyte concentrates. 4 In addition to its important function in granulopoiesis, G-CSF has been reported to modulate several granulocyte functions in vitro. For instance, G-CSF increases the chemotactic ability, enhances cell adhesion to vascular endothelium, promotes phagocytosis, and primes the NADPH-oxidase activity (for a review, see Eyles et al 5 ). However, glucocorticosteroids such as dexamethasone have been suggested to suppress some granulocyte functions, including mobility, adhesion, and microbial killing. [6] [7] [8] Despite all the aforementioned studies, we and others have found that donor granulocytes, when mobilized for transfusion purposes, show virtually normal functional characteristics in vitro in the presence of some minor phenotypic changes, whereas their life span is consistently prolonged. 9, 10 Both G-CSF and dexamethasone are well-established prosurvival factors for neutrophilic granulocytes, [11] [12] [13] and this effect involves various survival signaling pathways. G-CSF has been shown to increase in neutrophils the mRNA expression of A1/Bfl-1, an antiapoptotic member of the Bcl-2 family of proteins. 14 The prosurvival effect of dexamethasone in neutrophils has been connected to the stabilization of Mcl-1, another antiapoptotic Bcl-2 family member, during neutrophil culture. 15 Furthermore, G-CSF inhibits the mitochondria-dependent activation of caspase-3 in neutrophils via control of the calpain-dependent degradation of the X-linked inhibitor of apoptosis (XIAP). 16, 17 In these studies, the antiapoptotic effect of G-CSF was shown to depend on de novo protein synthesis.
Calpains form a family of calcium-dependent cysteine proteases of which calpain-1 (-calpain, calpain I), calpain-2 (m-calpain, calpain II), and the natural inhibitor of calpains, calpastatin, are ubiquitously expressed. Several studies have implicated calpain activity in spontaneous neutrophil apoptosis, 18, 19 and there is a growing number of indications that calpains play an important role in the early phase of programmed cell death. 17, 20 Although some of the major functional characteristics relevant for host defense seem well preserved in the donor granulocytes, the extent to which other relevant properties of these cells are altered by the in vivo preactivation is as yet unclear. To understand how G-CSF and dexamethasone may induce the granulocytes to obtain their increased survival capacity, we performed a comparative study with the use of Agilent microarrays (Agilent Technologies Netherlands, Amstelveen, The Netherlands) coupled with real-time reverse transcription-polymerase chain reaction (RT-PCR), flow cytometry, and immunoblotting. In the present study, we demonstrate that mobilization of granulocytes with G-CSF and dexamethasone has a considerable impact on gene expression of
Microarray imaging and data analysis
The microarray slides were scanned with the Agilent dual-laser DNA microarray scanner. Default settings of Agilent Feature Extraction preprocessing protocols were used to obtain normalized expression values from the raw scans. Exact protocol and parameter settings are described in the Agilent Feature Extraction Software User Manual 8.5 (http://chem.agilent. com/scripts/LiteraturePDF.asp?iWHID ϭ 37 629). The default Agilent normalization procedure, called Linear & Lowess, was applied. Rosetta Resolver (Rosetta Biosoftware, Seattle, WA) was used for analysis of the data. Genes were defined as differentially transcribed if the average expression level changed at least 3-fold compared with unstimulated cells (0 hours, control sample) in all 3 donors. The microarray data have been deposited in National Center for Biotechnology Information's Gene Expression Omnibus 24 and are accessible through GEO Series accession number GSE12841 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?accϭGSE12841).
Quantitative RT-PCR validation of gene expression
PCR amplification was performed on a LightCycler instrument (Roche Applied Science), and analyzed with LightCycler Software version 3.5 (Roche Molecular Biochemicals, Mannheim, Germany). The reaction was performed with Lightcycler FastStart DNA Master PLUS SYBR Green I (Roche Diagnostics, Indianapolis, IN). The annealing temperature used for all primers was 65°C. The reaction mixture consisted of 4 L of cDNA, 1 L of relevant primer combination, and 4 L of SYBR Green I mix in a total volume of 20 L. All amplified cDNA was compared with the standard within the same run, and in every run the same standard was used, although there was very little variation in the standard between runs.
For amplification, the following LightCycler protocol was used. The chemical cleft of the Taq polymerase was removed by preincubation for 10 minutes at 95°C; the template was amplified for 40 cycles, with annealing of the primers at 65°C. The fluorescence was measured at the end of each cycle at 72°C. At the end of 40 cycles, a melting curve was generated to determine the unique features of the DNA amplified. The specific size of the product was determined on a 1% (wt/vol) agarose gel. Subsequently, the obtained band was purified using the GFX PCR DNA and Gel Band purification kit (Amersham Biosciences, a division of GE Healthcare, Little Chalfont, United Kingdom) according to the manufacturer's instructions to remove excess dNTPs and primers. The product was sequenced by Big-dye Terminator Sequencing and ABI Prism software (Applied Biosystems, Foster City, CA). The sequence was verified with BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) to determine specificity. All products obtained were unique and had no overlap with other isoforms.
Standard curves and relative quantitation
As a source of cDNA for standard curves to which all samples were normalized, neutrophils were isolated from an apheresis buffy coat obtained from the Sanquin Blood Bank North-West Region (Amsterdam, The Netherlands). Serial 10-fold dilutions from the cDNA obtained were made to which each sample was quantified with the method described in Technical Note No. LC 13/2001 (Roche Applied Science), as has been described elsewhere. 25 
Immunostaining and FACS analysis
Cell surface expression of various receptors on granulocytes was assayed in total leukocyte samples by flow cytometry (ie, fluorescence-activated cell-sorting [FACS]), with saturating concentrations of commercially available monoclonal antibodies (MoAbs), either directly labeled with fluorescein isothiocyanate (FITC), phycoerythrin (PE), or indirectly labeled with allophycocyanin (APC). CD52-FITC, CD55-FITC, CD59-FITC, and CD69-PE were from Sanquin Reagents (Amsterdam, The Netherlands); EMR3-FITC and CD177-unconjugated were from AbD Serotec (Oxford, United Kingdom); and goat F(abЈ) 2 anti-mouse-IgG-APC was from Southern Biotech (Birmingham, AL).
Samples were analyzed on an LSRII flow cytometer equipped with FACSDiva software (BD, Franklin Lakes, NJ). Cells were gated based on their forward and side scatter, and 10 000 gated events were collected per sample (100% positive staining for CD16 and negative for CD36 [monocytes] or CD56 [NK cells] confirmed purity of the analyzed population).
Annexin V binding
To detect apoptosis, cells were labeled for 10 minutes on ice with FITC-labeled annexin V (Bender Med Systems, Vienna, Austria), diluted 1:500 in HBSS, and supplemented with 2.5 mM CaCl 2 . Annexin V labeling was followed by a single wash step with the same medium, whereupon the cells were resuspended in HBSS 2.5 mM CaCl 2 containing 1 g/mL propidium iodide (PI; SigmaAldrich). After an additional 5 minutes on ice, the samples were analyzed on a FACScan flow cytometer (BD). Surviving cells were defined as the cells in the lower left quadrant that stained negative for both annexin V and PI. A total of 10 000 events were collected for each sample, and data were analyzed with the use of CellQuest Pro software (BD).
Western blot analysis
Total cell lysates were prepared by treating the cells with a lysis buffer (250 mmol/L sucrose, 70 mmol/L KCl, 0.5% Triton X-100 (vol/vol), 0.5% ␤-octylglucoside (vol/vol), 2 mmol/L NaVO 4 , 1 mmol/L NaF, 1 mM EDTA, supplemented with a complete protease inhibitor cocktail mix (PIM; Roche Diagnostic, Almere, The Netherlands) and 2 mmol/L diisopropylfluorophosphate (DFP; Fluka Chemica, Steinheim, Switzerland) in phosphatebuffered saline [PBS]) for 30 minutes on ice. Afterward, samples were mixed with 4ϫ Laemli sample buffer (LSB; 50 mmol/L Tris-HCl, pH 6.8, 10% glycerol [vol/vol], 5 mmol/L DTT [DL-dithiothreitol, Sigma] 1% ␤-mercaptoethanol, 1% sodium dodecylsulfate [SDS; m/v], 10 g/mL bromophenol blue) and boiled for 15 minutes at 95°C. All samples were stored at Ϫ20°C before subjection to SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Samples were run on 10%, 1.5-mm polyacrylamide gels in a protean-3 mini system (Bio-Rad Laboratories, Veenendaal, The Netherlands). The equivalent of 1.5 ϫ 10 6 cells was loaded in each lane.
After electrophoresis, proteins were transferred to polyvinyl difluoride membranes (PVDF, Bio-Rad), which were subsequently blocked for 60 minutes with blocking buffer (5% nonfat dry milk [m/v, Elk; Campina, Zaltbommel, The Netherlands] in Tris-buffered saline, 0.1% Tween-20 [vol/vol] ). The membranes were immune-labeled with specific antibodies in blocking buffer containing 2 mmol/L NaN 3 overnight at 4°C. After washing, the membranes were labeled with fluorescently labeled secondary antibodies (either IRDye 800CW or IRDye 700 [Li-COR Bioscience, Lincoln, NE]), and the protein bands were visualized with the Odyssey Infrared Imaging System (Li-COR), and analyzed with the accompanying software (version 2.1).
Statistics
Significantly regulated genes were selected with Rosetta Resolver (Rosetta Biosoftware, Seattle, WA). Genes with a fold change greater than or equal to 3, together with a P value cutoff of .01 (by 1-way analysis of variance [ANOVA] test with the Benjamini-Hochberg false-discovery rate correction), were considered significantly different across the different cell populations. Genes differentially expressed in mobilized granulocytes were categorized by reported or putative functions by the use of the OntoExpress program (http://vortex. cs.wayne.edu/projects.htm#Onto-Express). Graphs were drawn and statistical analysis was performed with GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, CA). Data were evaluated by paired, one-tailed Student t test where indicated. The results are presented as the mean plus or minus SEM, as indicated.
Results

G-CSF/dexamethasone mobilization of neutrophils induces global changes in gene expression
Treatment of healthy donors with a combination of a single dose of G-CSF and dexamethasone has been described to result in an increase in the number of circulating neutrophils within 2 to Figure 1A ) and returns back to normal levels within 48 to 72 hours. 26 Granulocytes for transfusion usually are collected during the peak phase of mobilization (ie, after overnight treatment).
We used a microarray approach to analyze gene expression patterns in mobilized cells in comparison with the cells obtained from the same healthy control donors before G-CSF/dexamethasone administration. The administration of G-CSF/dexamethasone results in both mobilization of immature neutrophils from the bone marrow, as indicated by staining with EMR3, a myeloid-specific member of the epidermal growth factor-7-transmembrane (EGF-TM7) family of adhesion class TM7 receptors, which has been recently described as a marker for mature granulocytes ( Figure 1A ), 27 as well as direct effects on the already circulating cells. To estimate the contribution of the latter, we also performed in vitro G-CSF/dexamethasone incubations and analyses on neutrophils taken before the in vivo treatment (see also the scheme for experimental design in Figure S1 ). This step also allows the evaluation of changes in gene expression associated with the G-CSF/dexamethasone-induced delay in apoptosis.
By the use of Agilent Whole Human Genome microarrays, we screened approximately 32 000 gene transcripts. This analysis revealed that approximately 1000 genes were differentially expressed in the cells after the administration in vivo of G-CSF/dexamethasone compared with those isolated before mobilization ( Figure 1B and Document S1). Even more genes were differentially expressed after treatment in vitro of neutrophils with G-CSF/dexamethasone ( Figure 1B and Document S1).
Approximately 150 genes were similarly regulated in both experimental systems (in vivo vs in vitro, Table 1 ), but still more than 800 genes demonstrated a unique expression pattern for the in vivo stimulation. 
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Confirmation of microarray data by RT-PCR and flow cytometry
We used LightCycler RT-PCR to verify the changes in gene expression as identified by the microarray analysis. We selected 6 representative genes, encoding well-characterized cell surface receptors, from the microarray dataset for subsequent confirmation by RT-PCR and flow cytometry (Figure 2A ). For these genes, there was a strong correlation (r ϭ 0.94) between mRNA levels determined by either microarray or RT-PCR analysis. Mobilization of granulocytes resulted in increased expression levels of complement regulatory factors (CD55 and CD59) and a strong increase in the level of CD177 mRNA, as well as the simultaneous downregulation of CLEC2A (CD69), CD52, and EMR3 mRNA levels.
Because all transcripts selected for the validation of the microarray data by quantitative RT-PCR represented surface receptors expressed on the plasma membrane, we determined the protein expression levels by flow cytometry ( Figure 2B ). Both complement regulatory factors CD55 (also known as decay-accelerating factor [DAF]) and CD59 were found to be present on fresh neutrophils. Their expression increased significantly after treatment with G-CSF/ dexamethasone in vivo. Granulocyte mobilization also resulted in Genes that were found to be differentially expressed after in vivo treatment with G-CSF-dexamethasone were analyzed with use of the OntoExpress program (http://vortex.cs.wayne.edu/projects.htm#Onto-Express), and categorized into functional profiles. The majority of analyzed genes are categorized into 6 main functional categories: transcription, signal transduction, immune response, cell faith & apoptosis, cell adhesion and mobility, and metabolism. Results are presented as the mean fold-increase or -decrease of 3 separate donors (comparison is with freshly isolated neutrophils t ϭ 0). the increased expression levels of CD177 (also known as the human neutrophil antigen [HNA]-2a or NB1). Increased expression of CD177 on neutrophils has previously been reported in response to G-CSF treatment for hematopoietic stem cell mobilization. 28 Control neutrophils clearly expressed the GPI-anchored proteins CD52 and, to a lesser extent, CD69, whereas the surface expression was either diminished (CD52) or had become completely null (CD69) on donor neutrophils mobilized in vivo, confirming the microarray data.
The expression of EMR3 also was found to be lower on the surface of in vivo mobilized cells. This may correspond with the lower maturation state of the granulocytes "purged" from the bone marrow by the combined treatment with G-CSF and dexamethasone, as also indicated by the concomitant neutrophilic left shift (data not shown).
Regulation of different biologic processes by G-CSF/dexamethasone mobilization
Significant numbers of genes with different expression patterns between the control granulocytes and those isolated after G-CSF/ dexamethasone administration fell into 6 main functional gene ontology (GO) categories: (1) transcription and regulation of transcription, (2) signal transduction, (3) immune responses, (4) cell survival and apoptosis, (5) cell adhesion and motility, and (6) cell metabolism ( Table 2) . Similar analysis has been applied to the genes presented in Table 1 to compare these categories of gene patterns (Table S1) .
Twenty-six genes involved in the regulation of transcription or the process of transcription itself (eg, CCNA1, SMARCA3, and MEF2A) were up-regulated after administration of G-CSF and dexamethasone. However, the expression of more than 40 of such genes was reduced, with NR4A1, NR4A3, and ZNF649 being most strongly affected. This finding suggests that granulocytes obtained from G-CSF/dexamethasone-treated donors express a transcriptional program that diverges from normal, circulating neutrophils. These data are indicative of coordinated changes in transcription and suggest the existence of both positive and negative regulatory mechanisms in the G-CSF/dexamethasone-induced transcriptional response.
Granulocyte mobilization has an effect on genes involved in inflammation
The expression of dozens of genes encoding molecules involved in the process of inflammation and the immune response was shown to be modulated by the in vivo administration of G-CSF/ dexamethasone (Table 2 ). For example, the transcription of the gene CYBB was strongly induced. This gene encodes gp91 phox , the enzymatic subunit of the NADPH oxidase enzyme complex that is responsible for superoxide production and contributes to microbial killing by neutrophils ( Table 2) .
The expression of several receptors responsible for ligand or pathogen sensing was induced as well, as indicated, for example, by the increase in transcripts for several C-type lectins such as CLEC5A, also known as myeloid DAP12-associated protein (MDL-1) and involved in the activation of cells, 29 or CLEC4D (CLECSF8), which is also expressed on myeloid cells and has been suggested to take part in the process of endocytosis. 30 Expression of another set of immune receptors that is associated with the activation of cells, eg CD48, LAIR1 (leukocyte-associated Ig-like receptor 1) and LILRA5 (LIR9, a member of the immunoglobulinlike receptor family), also was induced after mobilization.
However, we observed a significant reduction in the expression of genes traditionally associated with the adaptive immune response (eg, HLA-DQB2, HLA-DRB5, HLA-DPA1, HLA-DRA, HLA-DMB, and granzymes; Table 2 ).
In addition, the transcriptome of mobilized cells was characterized by the modulation of a cluster of genes coding for cytokines/ chemokines and/or their receptors. Within the chemokine system, we identified CCL3, CCL4, CCL5, CXCL1, CXCL10, as well as the stroma-derived factor-1 receptor CXCR4, and CCR3, as being repressed by G-CSF and dexamethasone treatment at the transcriptional level. Moreover, the transcripts for Annexin-1 and -3 were highly induced by the G-CSF/dexamethasone treatment. Unexpectedly, we also found a strong reduction in IL8 transcripts after mobilization, whereas to our knowledge, no defects in the release of IL-8 from mobilized granulocytes have been reported to date.
Modulation of genes involved in the apoptotic machinery
Because mobilized granulocytes show delayed apoptosis upon in vitro culture, 9,10 we carefully examined genes involved in the regulation of cell fate or apoptosis (Table 2) . One group of molecules that is known to be regulated at the transcriptional level and is involved in the apoptotic process is the group of galectins. Galectins form a family of lectins that are defined by their ability to recognize ␤-galactose and the presence of consensus amino-acid sequences. 31 Different members of this family have been shown to modulate various steps of the inflammatory response, such as cell-matrix interactions, cell trafficking, cell survival, cell-growth regulation, chemotaxis, and proinflammatory cytokine secretion. 32, 33 We observed a strong induction of galectin-8 (LGAL8) and moderate induction of galectin-3 (LGALS3), as well as a reduction of galectin-2 and -12 (LGALS2, LGALS12).
Most striking was the strong induction observed for the transcript of GADD45A, a member of the Gadd45 family of genes that have been implicated in stress signaling in response to physiologic or environmental stressors, resulting in either cellcycle arrest, DNA repair, cell survival, and senescence or apoptosis. Hematopoietic cells from Gadd45a-deficient mice are more susceptible to apoptosis induced by ultraviolet (UV) radiation or genotoxic stress. 34, 35 Expression of the CAST gene encoding calpastatin was also strongly induced in mobilized cells. Whereas calpain activity BLOOD, 4 JUNE 2009 ⅐ VOLUME 113, NUMBER 23 For personal use only. on April 11, 2017 . by guest www.bloodjournal.org From has previously been shown to be involved in neutrophil cell death, 17, 20 calpastatin is a well-documented and specific endogenous inhibitor of calpains. 36 It is encoded by a single gene that produces several isoforms via differential splicing or use of promoters. Calpastatins are known to be associated with an antiapoptotic effect in neutrophils, 20 and we have recently observed that inhibition of calpain activity by G-CSF strongly affects neutrophil survival. 17 Because mobilized cells have been reported to have a better survival capacity, calpastatin was investigated in greater detail. For personal use only. on April 11, 2017 . by guest www.bloodjournal.org From Induction of calpastatin correlates with a delay in apoptosis G-CSF causes rapid neutrophilia but is also known to act as a survival factor on mature, circulating neutrophils both in vitro 16, 17, 37 and in vivo. 9 Dexamethasone, although shown to induce apoptosis in various cell types, including lymphocytes, monocytes, 38 and eosinophils, 15,39 also acts as a prosurvival factor for neutrophils. 13, 40 This finding is in line with our observation that, upon in vitro culture, granulocytes obtained from donors treated with a combination of the 2 drugs showed a prolonged life span after overnight culture compared with neutrophils isolated from the blood of the same donors before treatment (Figure 3) . The same extent of survival was achieved by the in vitro addition of G-CSF and dexamethasone to the culture medium during overnight culture (data not shown).
The calpastatin transcripts in neutrophils were significantly induced by treatment with G-CSF/dexamethasone, either when applied in vivo or in vitro (Table 1) . First, we used RT-PCR to confirm the increase in transcription of the CAST gene that was observed in the microarray analysis. Human calpastatin is expressed as 12 different isoforms of various lengths. The major variation between the isoforms is found in the first 11 exons. The probe set in the microarray only recognizes the main high molecular weight isoforms. We have designed various primer pairs to detect all different isoforms separately in neutrophils and found that all the known transcripts described thus far were expressed (not shown). However, evidence from the literature indicates that all isoforms are able to inhibit calpain activity. 41 Therefore, we decided to use a primer set that recognizes all different isoforms in our experiments to confirm the microarray data.
Neutrophils from individuals treated with a combination of G-CSF and dexamethasone, as well as neutrophils cultured with this combination in vitro, both displayed an increase in CAST gene expression ( Figure 4A ). In freshly purified neutrophils, several isoforms of calpastatin are expressed. In agreement with previously published work, also in other cells, the molecular sizes of these isoforms were found at 110, 108, 90, and 41 kDa. 17, 42 The most abundant isoforms expressed in neutrophils were the high molecular weight (HMW) forms found as 110-and 108-kDa bands. Neutrophils isolated from granulocyte transfusion donors expressed increased levels of HMW calpastatins compared with the control cells ( Figure 4B) .
Next, the calpastatin protein levels were monitored during neutrophil spontaneous apoptosis in the presence or absence of G-CSF and dexamethasone. Culturing of the cells resulted in reduced levels of all isoforms, but especially the HMW forms of calpastatin were diminished ( Figure 4C and Figure S2 ), suggesting proteolysis of the protein during apoptosis. The addition of G-CSF and dexamethasone to culture media resulted in an increase in the protein expression after 8 hours of culture and prevented the absolute loss of the protein after 24 hours in culture. Inhibition of new protein synthesis by the addition of cycloheximide (CHX, 10 g/mL) prevented the increase and led to the total loss of protein expression after prolonged culture, similar to the control cells ( Figure 4C and Figure S2A ). The reduction in CAST protein level was apparently caused by degradation by either the calpains that have overcome the inhibitory effect of the calpastatin 43 or by caspases activated via a different, calpain-independent route, 42 because the addition of either the cell-permeable calpain inhibitor III (CI3) or the cell-permeable pan-caspase inhibitor zVAD partially prevented the loss of calpastatin during overnight culture ( Figure 4D and Figure S2B) . Moreover, the combined addition of CI3 or zVAD to the cells cultured with G-CSF/dexamethasone induced an additive effect, with zVAD having a more pronounced effect (data not shown).
Inhibition of calpains prevents neutrophil apoptosis
To confirm the involvement of calpain activity in neutrophil apoptosis, cells were incubated overnight in the presence of the combination of G-CSF/dexamethasone, the cell-permeable calpain inhibitor III (CI3), or the cell-permeable pan-caspase inhibitor zVAD as a positive control, whereas cell viability was measured by annexin V staining and verified by cellular morphology (data not shown). As reported before, 11,15 the addition of G-CSF/dexamethasone to the culture medium decreased the number of apoptotic cells after overnight culture. This prosurvival effect was abolished by the addition of CHX. In addition, CI3 delayed neutrophil apoptosis to a similar extent ( Figure 4E ). Together, these data suggest a direct link between the calpain activity, endogenous calpastatin levels, and apoptosis.
Discussion
Mobilization of granulocytes by the administration of G-CSF and corticosteroids is a well-established procedure to achieve the number of granulocytes required for transfusion to neutropenic patients with severe, nonresponsive infections. 2, 4 We studied the effects of G-CSF and dexamethasone administration on the gene expression pattern of granulocytes to be used for transfusion. We found that a high number of genes was differentially regulated after in vivo mobilization of granulocytes. Approximately 20% of those genes changed similarly upon in vitro culture of granulocytes with the combination of G-CSF and dexamethasone. Still, the expression of more than 700 genes was changed significantly only after in vivo administration, which is perhaps not surprising. It seems reasonable to assume that, within the time frame of the experiment (18-20 hours), secondary donor factors released upon administration of the mobilizing agents, from either granulocytes themselves or from other cell types, could have contributed to the observed changes in granulocyte gene expression. In this context, it is important to realize that the G-CSF receptor is not only present on precursor and mature neutrophilic granulocytes, but also on monocytes and platelets, as well as on endothelial cells and on adult neuronal stem cells. [44] [45] [46] In contrast, the glucocorticoid receptors are ubiquitously expressed and known to induce or modulate gene transcription in various cell types. 47 An additional or, in some cases alternative, explanation may be that the granulocytes recently mobilized from the bone marrow represent a less mature neutrophilic phenotype, as indicated by the lower expression of EMR3, a late marker of granulocytic differentiation, 27 and the distinct left shift of the mobilized neutrophils. Another supportive feature of the induced neutrophil egress from the bone marrow was found in the increased transcriptional activity of the genes MMP9 and MMP8, both encoding matrix metalloproteases. The products of these MMP genes are important for creating a localized and highly enriched proteolytic environment in the bone marrow, thus facilitating the release of granulocytes from the stromal microenvironment. 48 Finally, there may be combinatorial effects of G-CSF and dexamethasone and other environmental factors specific for the in vivo or in vitro situation. In any case, it seems reasonable to assume that most, if not all, of the gene regulatory effects observed upon the in vitro treatment with G-CSF and dexamethasone represent direct effects of these factors on granulocytes, but there are multiple other explanations possible for the effects found only in the in vivo or only in the in vitro condition, which may relate to differences in cell composition and/or the combinatorial effects of specific (experimental) conditions.
The basic effector functions of granulocytes collected for transfusion after administration of G-CSF and dexamethasone, including interaction with endothelial cells, migration, respiratory burst or killing capacity, seem to be unaffected. 4, 10, 49, 50 However, the life span of those cells is prolonged upon in vitro culture as well as in vivo. In addition, supplementation of the culture medium of previously untreated control cells with G-CSF/dexamethasone also prolongs cell survival. This apparently direct effect depends on gene expression and new protein synthesis because it is abolished by the addition of cycloheximide.
From the groups of genes differentially regulated in mobilized granulocytes, we focused on the regulatory genes of apoptosis. The most impressive change was observed for calpastatin, the endogenous inhibitor of calpains. Inhibition of calpains with pharmacologic inhibitors results in a significant delay of neutrophil apoptosis. 19 We have recently found that G-CSF is implicated in the regulation of calpain activity by influencing the intracellular levels of Ca 2ϩ upon in vitro culture of neutrophils, 17 an effect depending on new protein synthesis. It has been proposed that, upon mild stimulation, calpastatin binds to calpains, preventing the proteases from degrading their substrates. However, the intramolecular, autolytic activation of calpains is not prevented by calpastatin binding, 43, 51 and if the levels of intracellular Ca 2ϩ increase even higher, so stimulation becomes stronger, the protease will degrade its inhibitor and thereafter proceed to cleave other substrates. Calpastatin degradation has been shown to occur during spontaneous neutrophil apoptosis by activated calpains or proapoptotic caspases (eg, caspase-3 and -7). 20,42,52 Calpastatin expression also has been shown to be preferentially induced in neutrophils isolated from patients with cystic fibrosis simultaneously with decreased levels of pro-calpain-1, coinciding with a delay in neutrophil cell death. 20 Increased levels of mRNA for calpastatin were detected in mobilized neutrophils, isolated from granulocyte donors pretreated for 18 to 20 hours with G-CSF/dexamethasone as well as in neutrophils cultured in vitro in the presence of G-CSF/dexamethasone. A similar increase in calpastatin levels was observed at the protein level when mobilized neutrophils were compared with the control cells.
Immunoblot analysis of neutrophil lysates showed a loss of calpastatin expression upon in vitro culture. The addition of G-CSF and dexamethasone to the culture media increased the level of calpastatin after 8 hours of incubation, which was prevented by cycloheximide. However, after 24 hours in culture, the cells treated with prosurvival factors such as G-CSF and dexamethasone also displayed strongly reduced levels of calpastatin, albeit still significantly greater than cultured control cells. It appears that the stronger and prolonged activation of calpains allows these proteases to overcome the inhibitory effect of cellular calpastatin, which eventually results in its cleavage. Pharmacologic inhibition of calpains partially preserved calpastatin expression during 24 hours in culture, albeit to a lesser extent than with G-CSF and dexamethasone. Most likely, the activated caspases are responsible for this effect because neutrophils incubated in the presence of a pancaspase inhibitor also sustained their level of calpastatin. Moreover, the combination of G-CSF/dexamethasone with zVAD led to an additive increase in calpastatin levels and survival of neutrophils.
Taken together, our data suggest that the calpain/calpastatin system plays an important role in neutrophil apoptosis. Inhibition of calpain activation by increasing the levels of its endogenous inhibitor may be one of the prosurvival mechanisms by which G-CSF and dexamethasone delay the apoptosis in neutrophils used for transfusion purposes. Finally, we showed that intracellular levels of calpastatin correlate with the viability of neutrophils in vitro and that pharmacologic inhibition of calpains decreases the rate of apoptosis during 24 hours of incubation. A role for calpastatin in apoptosis in neutrophils is supported by data demonstrating that a reduction in its expression levels by antisense nucleotides accelerates apoptosis. 53 In summary, we have shown that mobilization of granulocytes for transfusion by the combination of G-CSF and dexamethasone strongly alters the gene expression pattern in circulating neutrophils compared with untreated donor neutrophils. The characteristics of cells used for transfusion can now be studied based on the changed transcriptional program. Using the changed transcript levels, we can now recognize that mobilized neutrophils display changes in subtle functional aspects that previously remained unidentified. These changes include genes involved in immune reactivity, motility, signal transduction, and gene transcription, as well as cell viability. 
